shown on CT scanning did not correlate well with clinical results. Conclusion. Bony nonunion is more difficult to visualise on plain radiographs than reverse gantry CT. CT demonstrates more clearly the presence or absence of the bridging bone. Clinical results do not correlate with bony union, indicating that bony union is not required to achieve good results.
INTRODUCTION
Spondylolytic pars defects are seen in 6% of the general population, and most commonly affect the L5 vertebra. 1 Spondylolysis is a fracture caused by mechanical stress, and the mode of failure is fatigue. The likelihood of fatigue failure is greater in activities that require alternating flexion and extension of the lumbar spine.
Repair of the pars defect is an appealing option for symptomatic patients (especially athletes) in whom conservative treatment has failed. Several techniques [1] [2] [3] [4] [5] [6] [7] have been described with variable success rates of 80% to 100%. 8 In all these series, bony union was determined based on clinical and radiological findings of plain radiographs.
Although plain radiography is the most common means to evaluate the status of bony union, it does not reliably detect nonunion. [9] [10] [11] [12] [13] There is no accurate radiological assessment to determine union, and the definitive criteria for a successful repair of spondylolysis remain controversial.
We demonstrate the disparity of radiological union seen on plain radiography versus computed tomography (CT) in 14 patients with lumbar spondylolysis who underwent surgical stabilisation by a senior surgeon using a pedicle screw and Songer cable.
MATERIALS AND METHODS
Between 1994 and 1998, 20 patients with spondylolysis or grade-1 listhesis with pars defect were operated on by a senior surgeon. 14 patients (12 men and 2 women; mean age, 23 years; age range, 16-56 years) with both plain radiographs and CT scans taken at 6-year followup were included.
The mean duration of symptoms before surgery was 9 months. In all patients, nonoperative treatment consisted of abstinence from sports, wearing of a brace, training, and/or administering non-steroidal antiinflammatory drugs for a minimum period of 6 months.
Preoperative assessment included plain radiography (anteroposterior, lateral, and oblique views), with or without bone scan, reverse gantry CT scan, and magnetic resonance imaging (MRI) and discogram (in selected cases). Three patients had mild (grade 1) slip in addition to pars defect. The sites for the pars defect were L5 (n=12), L4 (n=2), and L3 (n=2); 2 patients had multilevel involvement. All lesions were classified as unilateral or bilateral, sclerotic or lytic ( Table 1) .
All patients were operated on by one senior surgeon using either a Scott procedure 5 (n=2) or the van Dam modification 7 of the Scott procedure (n=12). These involved bone grafting of the defect, insertion of a pedicle screw, and a tension band connecting the pedicle screw and spinous process using Songer cables. One patient underwent a van Dam procedure for an L4 pars defect in addition to L5-S1 fusion.
Bony union of the pars was assessed using plain radiographs (anteroposterior, lateral, and oblique views) at 3 months and 12 months. A reverse gantry CT scan (slice thickness, 5 mm; voltage, 135 kV; amperage, 250 mA; and rotation time, 1.5 seconds) was performed on the affected vertebrae. Images were examined by a single radiologist who was blinded to the clinical history and plain radiographic findings. Images were further confirmed by an independent assessor. The presence of bony union was determined if a bridging bone was shown on the images.
The Oswestry Disability Index 14 was measured at 6-year follow-up by an independent assessor.
RESULTS
The mean follow-up period was 6.35 years (range, 4-10 years). The mean Oswestry Disability Index was 28 (good to excellent). In June 2004, 13 patients showed an excellent to good result and one showed a fair result (Table 2 ).
In 13 (93%) of 14 patients, bony union was evident on plain/oblique radiographs. One patient made an excellent clinical recovery and resumed competitive rugby and had an excellent Oswestry score, despite showing radiographic nonunion following the Scott's procedure. Reverse gantry CT scans were performed in all 14 patients after a mean period of 13 months.
Complete bony union was shown in 7 (50%) patients and frank nonunion in 7. This indicates that bony union shown on plain radiographs may not accurately reflect the actual bony union (Table 3) . This occurred more commonly in patients in the van Dam group than the Scott group. It is possible that the presence of the pedicle screw may obscure the evidence of nonunion on plain radiographs (Fig.) . The high incidence of CT nonunion correlated poorly with clinical results (Table 4 ). Six of the 7 patients with nonunion had excellent to good clinical results. There were no differences in clinical outcome with regard to sports or job resumption between the 2 procedures, according to CT.
DISCUSSION
Tension band wiring is required for patients with symptomatic spondylolysis in whom nonoperative treatment has failed. Results are excellent in young patients (under 30 years) in the absence of spondylolisthesis or disc degeneration on MRI.
Repair of spondylolysis using a Scott procedure or van Dam modification in active young adults results in a significant improvement in Oswestry scores. 8, 15 A successful outcome of 88% has been reported in patients younger than 20 years and of 71% in patients older than 20 years with significantly improved physical function and reduced pain 2 years postoperatively. 16 Objective assessment of bony union following surgical repair of spondylolysis has not been clearly defined in the literature. Plain radiography has been widely used in the assessment of union status, largely because of its low cost and wide availability. 1, 2, 8, 15 Nonetheless, the reliability of this assessment is questionable. The accuracy of plain radiographs to predict the status of a surgical union has been correct in 69% of cases. 9, 17 Our findings showed a much higher union rate (90% versus 50%) using plain radiography than reverse gantry CT. These findings reflect the inability of plain radiography to detect nonunions and lead to overestimation of union. Plain radiography only projects 2-dimensional images and cannot accurately detect union that is 3-dimensional. 17 Assessment of union becomes more difficult in the presence of a pedicle screw.
Clinically good results did not always correlate with union of the fracture on CT during a mean follow-up of 6 years. Nevertheless, CT nonunion did not appear to deter clinical results indicating that bony union is not required to achieve good results. In 34 competitive athletes treated with a brace for a mean period of 16 weeks, good to excellent results were achieved in 32 patients, but only 16 demonstrated osseous union on CT scan. 18 Osseous union is more likely to occur in unilateral spondylolysis than bilateral spondylolysis although this study did not confirm this finding. 18 The exact cause for nonunion after rigid fixation with a cable and pedicle is unknown. The screw interference at the pars articularis is negligible with our modified fixation compared with the Buck screw fixation. This fixation nonetheless allows some movement at the pars on extension and may be responsible for the nonunion.
Irrespective of CT findings, clinical outcome following this van Dam modification is excellent. Nonunion does not appear to compromise overall outcome or sports resumption in the short term. Patients in whom a CT scan suggests nonunion and who remain asymptomatic do not require further diagnostic workup, but closer clinical follow-up is required to identify the development of mechanical symptoms as the long-term consequences have not been established. The present study nonetheless showed that the results did not change after 6-year follow-up.
